In vitro evaluation of the microhardness of bovine enamel exposed to acid solutions after bleaching Abstract: Acid erosion is a superficial loss of enamel caused by chemical processes that do not involve bacteria. Intrinsic and extrinsic factors, such as the presence of acid substances in the oral cavity, may cause a pH reduction, thus potentially increasing acid erosion. The aim of this study was to evaluate the microhardness of bleached and unbleached bovine enamel after immersion in a soda beverage, artificial powder juice and hydrochloric acid. The results obtained for the variables of exposure time, acid solution and substrate condition (bleached or unbleached enamel) were statistically analyzed by the ANOVA and Tukey tests. It was concluded that a decrease in microhardness renders dental structures more susceptible to erosion and mineral loss, and that teeth left unbleached show higher values of microhardness compared to bleached teeth.
Introduction
The twenty-first century has been marked by an increasing concern for oral health and esthetics, leading to a greater number of patients seeking cosmetic dental procedures, particularly dental bleaching. 1, 2 There are many bleaching materials available on the market, ranging from over-the-counter products to sophisticated in-office bleaching systems. 3 However, the deleterious effects of these bleaching agents on the dental structure vary, and are related to agent composition and concentration, 4, 5 prescribed use instructions, time of exposure, pH values and type of solutions used. [6] [7] [8] Some of these factors have been connected to dental loss, and, when this occurs, loss of structural material caused by non-carious lesions, such as attrition, abrasion and erosion, is also involved. 9 Dental erosion is the result of loss of dental hard tissues etched away from the tooth surface by acid or chelating agents. Although the term corrosion is used to describe wear induced by chemical degradation, the terms dental erosion or erosive tooth wear have been widely used in the literature. 10 The acid substances responsible for this process are not produced by the oral microbiota; on the contrary, they may be produced by gastroesophageal disorders, an acid diet, and also by other substances, such as bleaching products. 11, 12 The factors responsible for dental structural loss may be classified as Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript. extrinsic and intrinsic. Intrinsic factors have been recently related to anorexia and bulimia, as well as to other gastroesophageal disorders. Extrinsic causes involve the consumption of acidic beverages and the increasing use of bleaching products. 13 Dental wear can originate from any type of psychosomatic disorder, such as anorexia and bulimia, which often occur concomitantly. However, only bulimia has been closely related to erosion. This disorder is invariably associated with an uncontrolled ingestion of large amounts of food, followed by immediate voluntary or involuntary vomiting. 14, 15 The main factor causing tooth demineralization and consequent erosion of dental structures has been the presence of gastric acid (hydrochloric acid) in the oral cavity during and after vomiting episodes. 11, 16 However, tooth wear may also be caused by extrinsic factors, such as the misuse of acidic dietary products. There is no diagnostic device available to clinically detect and quantify dental erosion at an early state; therefore, clinical appearance is the most important sign used for early diagnosis of erosive lesions. 10 The aim of this in vitro study was to evaluate the superficial microhardness of bovine dental enamel, previously bleached with a 35% hydrogen peroxide solution or left unbleached, and then exposed to a diet cola soft drink, an artificial powder juice containing sodium citrate, and gastric juice (no enzyme), for 7, 14 and 21 days.
Methodology
The present study was approved by the Research Ethics Committee, State University of São Paulo (UNESP), São José dos Campos, Brazil (approval no. 13/2007-PA/CEP). A total of sixty freshly extracted bovine incisor teeth were used in the experiment (mean age of the animals: 3 years) (Matadouro Mantiqueira, São José dos Campos, Brazil). The tooth roots were removed by transversally cutting the tooth with a carborundum disc.
The pulp tissue was extirpated with endodontic files, and the pulp chamber was constantly irrigated with physiological solution to remove any remaining material. The specimens were placed in a silicone matrix, into which chemically activated acrylic resin (Jet-Clássico, São Paulo, Brazil) was inserted, leaving the buccal aspects of the teeth exposed. The enamel surface of each specimen was serially polished under refrigeration, using a circular polishing machine (Eros, São Paulo, Brazil), in decreasing order of disc granulation (400, 600, 800, and 1200) to obtain flat, standardized enamel surfaces.
All 60 specimens were randomly divided into two groups of 30 samples each:
• Group NHP: Samples were stored in artificial saliva for a period of 14 days, without any previous hydrogen peroxide treatment.
• Group HP: Samples were treated with a 35% hydrogen peroxide solution (Pola Office Bulk Kit, SDI -Southern Dental Industries, Bayswater, Australia), according to the manufacturer's protocol, and then stored in artificial saliva for a period of 7 days.
After this period, the specimens were submitted to an initial microhardness measurement. A second treatment with 35% hydrogen peroxide was then carried out and the specimens were maintained in artificial saliva for an additional period of 7 days, after which another microhardness reading was performed and recorded.
The specimens of groups NHP and HP were then subdivided into 6 groups, each of which was exposed to one of the respectively assigned acid solutions 17 for 5 minutes and stored in artificial saliva (Byofórmula, São José dos Campos, Brazil) for 23 hours and 55 minutes, to complete a period of 24 hours. This process was repeated for 7 days in a row, and then all specimens were submitted to a third microhardness measurement. This 7-day regimen was repeated twice and another two microhardness measurements were performed and recorded with the aim of completing a 21-day exposure cycle for the experiment.
All specimens were analyzed according to the indentation technique, using a microhardness tester (FM 700, FutureTech Corp., Tokyo, Japan) under a 50-g load for a period of 10 seconds. Specimens were positioned perpendicularly to the long axis of the indenter, and three indentation measurements were recorded for each evaluation. The mean values were then calculated.
The results obtained for each group were statistically analyzed separately. In the first part of the experiment, two-way analysis of variance (ANOVA) was performed, and the interaction between parameters was evaluated, namely, presence or absence of a bleaching agent, and number of bleaching sessions -first session, storage in artificial saliva for 7 days, and second session, storage in artificial saliva, for a total of 14 days.
In the second part of the experiment, three-way analysis of variance (ANOVA) was used: 2 factors among the groups and 1 factor within the groups. The factors considered among the groups were tooth condition (bleached or unbleached) and acid solutions (soft drink, juice or HCl). The factor repeated within groups was the immersion period in acid solution (7, 14 and 21 days).
The Tukey's test was performed at a 5% level of significance, in order to assess whether the group results were homogeneous.
Results
Evaluation of the mean and standard deviation results (Table 1) for the main effects on enamel microhardness revealed statistical significance for the bleaching agent, since a greater microhardness mean value (227.09 ± 42.30 HV) was observed for the unbleached condition, as compared to the bleached condition (179.14 ± 40.07 HV).
Regarding the number of bleaching sessions (Table 2), the single-session condition resulted in a greater mean microhardness value (198.32 ± 43.81 HV) compared to the value obtained after two sessions (159.97 ± 30.67 HV).
When comparing the Tukey's Test (5%) values obtained within the groups, the smallest resistance was observed for the second bleaching session after 14 days of storage in artificial saliva (159.97 ± 30.67 HV), which was statistically different from that observed for the other three experimental conditions (Table 3) .
After the first part of the experiment, the values obtained for the control group were defined as the values obtained after 14 days, for both bleached and unbleached teeth. The microhardness values for the control group were compared to the post-immersion values obtained for all acid solutions used in the experiment.
Discussion
Physical contact between bleached teeth and acid substances, generally contained in foods or produced by gastroesophageal disturbances, may result in severe enamel demineralization. 10 Therefore, scientific studies are needed to elucidate the relationship between dental bleaching and dental erosion. In such studies, it is important that human or bovine teeth be stored and prepared appropriately.
In the present study, the effect of acid substances on the enamel surface of freshly extracted bovine teeth submitted to bleaching or left unbleached was investigated. We chose to use bovine teeth because a great number of specimens were required, and also because some variables, such as age range, could be better controlled. Additionally, the samples could be stored for the same period of time. Although the enamel of bovine teeth is more permeable than that of human teeth, the experiment was otherwise standardized according to the criteria previously mentioned. 18 Earlier studies have shown that the dissolution degree of bovine enamel is three times greater than that of human enamel. 18, 19 In addition, bovine enamel can be significantly affected by acid substances. Nevertheless, even though there are differences between human and bovine enamel, bovine teeth may be considered acceptable considering that, should any bovine-specific interference occur, it will produce equal effects across the experimental groups, thus rendering the overall experiment unaffected.
The pH values of the beverages used in the experiment ranged from 2.75 to 3.29, and the beverages were mainly composed of citric, phosphoric, 20 tartaric, maleic, and tannic acids, and contained specific flavonoids, such as, catecholamines. 21 Sodium citrate can also be found in some drinks, and plays an important mineral and preservative role.
Hydrogen peroxide is one of the most important bleaching products available today, and is a substance capable of altering the enamel surface. Its action is generally a result of its oxidizing properties, which remove organic material without dissolving the enamel matrix, eventually producing clearer compounds. However, long exposure periods could result in dissolution of the enamel matrix. 22 Other studies have reported high solubility and decreased resistance of enamel, dentin and cementum, when exposed to bleaching agents. Demineralization, protein matrix destruction and deposition of small amorphous mineral precipitates have been reported to affect prism periphery. [23] [24] [25] The results of this study show that the action of the bleaching agent in the first part of the experiment (Table 2 ) was significant. The mean microhardness value (227.09 ± 42.30) for the unbleached teeth was greater than that observed for the bleached teeth (179.14 ± 40.07). Table 3 shows that the microhardness value obtained for the first bleaching session (198.32 ± 48.21) was greater than that obtained for the second one (159.97 ± 30.67). Table 3 also shows an intra-group comparison of the mean values found for the 4 experimental conditions in the first part of the experiment. Statistically similar values were observed between unbleached teeth stored in saliva for a period of 7 and 14 days, and bleached teeth stored in saliva for a period of 7 days. The second bleaching session (with an additional 7-day storage time in artificial saliva, for a total of 14 storage days) showed a smaller, statistically different value (159.97 ± 30.67) compared to that of the other groups. According to Rodrigues, 26 the contact time between hydrogen peroxide and dental enamel can significantly affect enamel hardness.
The control group values, considered in the second part of the experiment, were those found for the samples before they were immersed in the acid substances. Barbour et al. 9 suggested a linear relation between enamel microhardness and the pH values of the solutions. The presence of poly-basic acids promotes calcium chelation, leading to dissolution of dental enamel.
Moreover, the removal of superficial enamel performed during specimen preparation may have influenced the demineralization process, owing to the exposure of a more reactive type of enamel. 19 The present study and other reports found in the literature suggest that bovine enamel could be affected by chemical substances, depending on substance composition and acidity level, as well as on the time of exposure to these substances. 20, 27 Thus, deleterious effects on dental enamel can be observed when it comes into frequent contact with acidic drinks, particularly when associated to a low saliva flow rate and poor oral hygiene habits.
The microhardness values of the unbleached specimens followed a decreasing trend throughout the immersion periods of 7, 14 and 21 days, and were significantly different.
There were no significant statistical differences between the cola beverage and the juice groups. At 21 days, all solutions presented statistically different values, and it could be observed that the demineralization caused by the acid substances was more severe for bleached teeth 28 as compared to the unbleached samples. The longer the contact time be-tween enamel surface and the solutions, the greater the demineralization of the enamel surface.
Further investigations are required to better elucidate the acid demineralization process. We suggest that such studies include the variables of consumption frequency, swallowing speed, consumption temperature, period of exposure to gingival fluid and remineralization ability.
Conclusions
• The time period of contact between acid solutions and teeth directly affected the structural demineralization of enamel: the longer the exposure time, the greater the surface demineralization.
• The enamel microhardness values for unbleached teeth were higher than those of bleached teeth.
